Objective In acetaminophen-induced acute liver failure (ALF), the hepatic coma grade worsens and mortality rates increase, as the number of systemic inflammatory response syndrome components fulfilled (SIRS score) increases. This study aimed to investigate the impact of SIRS score on clinical features of nonacetaminophen-related ALF. Methods Ninety-nine patients with non-acetaminophen-related ALF with hepatic coma who did not undergo liver transplantation were investigated. Each patient was given a SIRS score of 0, 1, 2, 3 or 4 at the time of diagnosis. Results At the diagnosis of ALF with hepatic coma, with the increase of SIRS score, hepatic coma grade and prothrombin activity were deteriorated. After the diagnosis of ALF with hepatic coma, 25 patients (25%) developed acute respiratory distress syndrome (ARDS), 31 patients (31%) developed disseminated intravascular coagulation (DIC), and 21 patients (22%) developed acute renal failure (ARF). Thirty-eight patients (38%) developed MOF. With the increase of SIRS score, frequencies of the development of ARDS, DIC and MOF increased. ARF was more frequently developed in patients with a SIRS score of 2 or higher. Overall, 36 patients (36%) survived. Overall survival rate was 66% in 29 patients with a score of 0, 43% in 21 patients with a score of 1, 17% in 29 patients with a score of 2 and 15% in 20 patients with a score of 3 or 4. Conclusion SIRS score will be useful for predicting not only the overall survival but also the development of complications such as ARDS, DIC and MOF in non-acetaminophen-related ALF with hepatic coma.
Introduction
Liver cell death of a critical degree with insufficient hepatocellular regeneration leads to the development of acute liver failure (ALF) characterized by hepatic encephalopathy and coagulopathy. The spontaneous survival rate is over 60% in patients with acetaminophen-induced ALF and 20-30% in those with non-acetaminophen-related ALF (1) .
Liver transplantation (LT) is the only effective intervention for ALF. However, one-fourth of the patients listed for PaCO2 <32 mmHg, and iv) white blood cell (WBC) count >12,000/mm 3 or <4,000/mm 3 or immature forms >10% (3) . In patients with acetaminophen-induced ALF, the King's College Group (4) and the U.S. Acute Liver Failure Study Group (5) have revealed that SIRS worsens the grade of hepatic coma and increases the mortality rates as the number of SIRS components fulfilled increases. On the other hand, in Asia, viral hepatitis has been a major cause of ALF, and a frequency of acetaminophen-induced ALF has been few (1) . In patients with non-acetaminophen-related ALF, the increasing of the number of SIRS components fulfilled has been reported to be associated with increased probabilities of acute renal failure (ARF) (6) . However, the associations of SIRS with clinical features of patients with nonacetaminophen-related ALF have yet to be fully implemented.
This study aimed to investigate the impact of SIRS on clinical features in patients with non-acetaminophen-related ALF with hepatic coma diagnosed based on the Japanese criteria (7).
Materials and Methods

Patients
One hundred and twenty patients with nonacetaminophen-related ALF with hepatic coma, who showed hepatic coma of grade II or more within 8 weeks of the onset of the disease symptoms with prothrombin time values of 40% or less of the standardized values, or international normalized ratios of 1.5 or more (7), and were admitted to the Okayama University Hospital and 8 tertiary care centers between January 1990 and December 2009. Of these patients, 21 received living donor LT based on the Guideline of the Acute Liver Failure Study Group of Japan (8) . However, recently, the predictive accuracy of this guideline was reported to decrease to 73% (8) . In particular, the positive predictive value of this guideline was shown to be low. Therefore, inclusion of 21 patients who were receiving LT into this study was considered inappropriate. Thus, 99 patients who did not receive LT were included in the present analysis.
Etiology of ALF
A diagnosis of hepatitis A, B and C was made based on the presence of immunoglobulin M antibody to hepatitis A virus, immunoglobulin M antibody to hepatitis B core antigen or hepatitis B surface antigen, and hepatitis C virus RNA identifiable by nested reverse transcription-polymerase chain reaction, respectively (9) . A diagnosis of autoimmune hepatitis was made according to the criteria revised by the International Autoimmune Hepatitis Group in 1999 (10) . A diagnosis of Epstein-Barr virus infection was made based on the measurement of Epstein-Barr virus load in whole blood by quantitative polymerase chain reaction amplification assays (11) . A diagnosis of drug-induced liver injury, acute fatty liver of pregnancy and ischemic hepatitis was made based on their distinctive clinical courses. A diagnosis of indeterminate ALF was established when all of IgM antihepatitis A virus antibody, IgM anti-hepatitis B virus core antibody, hepatitis B surface antigen, hepatitis C virus-RNA, anti-nuclear antibody and anti-smooth muscle antibody were negative with no obvious cause such as drug, acute fatty liver of pregnancy, ischemic hepatitis, Wilson's disease, malignant infiltration, cytomegalovirus infection, Epstein-Barr virus infection and herpes simplex virus infection.
Treatment
All patients were admitted to the Intensive Care Unit to receive supportive care through the monitoring of clinical, biochemical and hemodynamic parameters. Patients received plasma exchange and/or hemodiafiltration as artificial liver support. Plasma exchange and hemodiafiltration were performed according to the following indications: i) patients with coagulopathy were indicated for plasma exchange, ii) patients with the central nerve disorder including hepatic coma were indicated for plasma exchange only or plasma exchange combined with hemodiafiltration, and iii) patients with renal failure were indicated for hemodiafiltration (12) .
Statistical analysis
SPSS statistical program (release 11.0.1 J, SPSS, Chicago, IL, USA) was used for the statistical analysis. Each patient was given a SIRS score of 0, 1, 2, 3 or 4 depending on the number of SIRS components fulfilled at the diagnosis of ALF with hepatic coma. Furthermore, concerning the prediction of patient's prognosis, we evaluated using the King's College Criteria (13) .
Continuous variables were expressed as median and range. Dichotomous variables were compared by the chisquare test. The Mann-Whitney U test was used to evaluate the significance of differences in the continuous variables between two groups, and the Kruskal-Wallis U test was done among four groups. Cumulative survival curves were analyzed using the Kaplan-Meier method, and the differences in the curves were tested using the log-rank test. p value <0.05 was considered significant.
Results
Characteristics of the study population
Of 99 patients, 56 (57%) were female. The median age was 47 (14-81) years. Seven patients (7%) were diagnosed with fulminant hepatitis A, 32 patients (32%) with fulminant hepatitis B, 9 patients (9%) with autoimmune hepatitis, and 14 patients (14%) with drug-induced liver injury. On the other hand, 31 patients (32%) were diagnosed with indeterminate ALF. At the diagnosis of ALF with hepatic coma, hepatic coma grade was II in 65 patients (66%), III in 22 patients (22%) and IV in 12 patients (12%). SIRS score of 0, 1, 2, and either 3 or 4 was found in 29 patients (29%), 21 patients (22%), 29 patients (29%), and 20 patients (20%), respectively. Table 1 shows the clinical characteristics and laboratory data at the diagnosis of ALF with hepatic coma according to SIRS score. With the increase of SIRS score, hepatic coma grade, prothrombin activity, and serum creatinine level were deteriorated. However, SIRS score was not associated with patient's age, gender and etiology of ALF.
All patients underwent culture (blood, tracheal aspirate, and urine) and computed tomography (head, chest, and abdomen) at the diagnosis of ALF with hepatic coma; however, none clinically developed bacterial or fungal infection.
Treatment
As artificial liver support, 78 patients (79%) received plasma exchange, and 39 patients (39%) underwent hemodiafiltration. In 38 patients (38%), plasma exchange combined with hemodiafiltration was performed. There was no association between SIRS score and treatment procedure ( Table 2) .
Complication after the diagnosis of ALF with hepatic coma
After the diagnosis of ALF with hepatic coma, 27 patients (27%) developed brain edema, 25 patients (25%) acute respiratory distress syndrome (ARDS), 31 patients (31%) disseminated intravascular coagulation (DIC), and 21 patients (22%) ARF. Thirty-eight patients (38%) developed MOF. With the increase of SIRS score at the diagnosis of ALF with hepatic coma, the frequencies of the development of ARDS, DIC and MOF increased (Table 3) . ARF was more frequently developed in the patients with a SIRS score of 2 or higher at the diagnosis of ALF with hepatic coma than in the patients with SIRS score of 1 or 0 (33% vs. 10%, p= 0.007).
Outcome
Of the 99 patients, 36 (36%) survived without LT, and the other 63 died. Overall survival rate according to SIRS score was 66% in patients with a score of 0, 43% in those with a score of 1, 17% in those with a score of 2, and 15% in those with a score of 3 or 4 (Fig. 1) . The overall survival rate was significantly lower in patients with a score of 2 than in those with a score of 0 or 1 (p<0.0001 and = 0.037, respectively). There was no difference in overall survival rate between patients with a score of 2 and those with a score of 3 or 4 (p=0.93). A difference in overall survival rate between patients with a score of 0 and those with a score of 1 was borderline (p=0.07).
Regarding short-term prognosis, there was no difference in the 2-week survival rate between patients with a score of 0 and those with a score of 1. Patients with a score of 2 showed a lower 2-week survival rate than those with a score of 1 (p=0.036). Two-week survival rate of patients with a score of 3 or 4 was similar to that of patients with a score of 2. On the other hand, the 4-week survival rate was lower in patients with a score of 1, 2, and 3 or 4, than in those with a score of 0 (p=0.039, 0.0002 and 0.0001, respectively) (Fig. 2) .
Prediction of patient's death
Among the 99 patients, according to the King's College Criteria (13), the sensitivity, specificity, and positive and negative predictive values were 70%, 64%, 77%, and 55%, respectively. On the other hand, when the prognoses of patients with a SIRS score of 2 or more was predicted as death, the sensitivity, specificity, and positive and negative predictive values were 63%, 78%, 83%, and 55%, respectively. 
Discussion
Complications such as ARDS, DIC, ARF and MOF reduce the opportunity for LT and the survival rates after emergency LT in ALF patients (14) . In order to rescue more ALF patients, LT before the development of these complications is important, and the prognostic factor to predict the development of these complications is needed. This study suggests that, in patients with non-acetaminophen-related ALF, a higher SIRS score seems to lead to the increased probabilities of ARDS, DIC, ARF and MOF, and consequently increased mortality rates. This tendency was shown not only in patients with fulminant hepatitis B due to transient hepatitis B virus infection but also in patients with disease due to hepatitis B virus carrier (data not shown). Furthermore, predicting the prognosis of non-acetaminophenrelated ALF patients according to SIRS score seems to show a better specificity and positive predictive value than when predicted according to the King's College Criteria (13) . Thus, the SIRS score may be useful for predicting not only the overall survival but also the development of these complications. In particular, patients with a SIRS score of 2 or higher (in a state of SIRS) may need urgent LT.
SIRS is diagnosed by the presence of two or more of the four components (3). However, in the Japanese criteria for severity assessment of acute pancreatitis, the presence of three or more of the four components is accepted as the prognostic factor (15). It has not been investigated whether a cut-off of 2 points is appropriate for the prognostic factor for ALF patients with hepatic coma. In this study, there were differences in the overall survival rate and the frequencies of the development of complications between patients with a SIRS score of one or zero and those with a SIRS score of 2. On the other hand, there were no differences in these points between patients with a SIRS score of 2 and those with a SIRS score of 3 or 4. Thus, we consider that a cut-off of 2 points is appropriate for the prognostic factor for ALF patients with hepatic coma.
Hepatic coma grade and prothrombin activity have been accepted as major prognostic factors for ALF (16) . In the present study, hepatic coma grade at the diagnosis of ALF with hepatic coma was deteriorated with the increase of SIRS score. This is similar to the reports from the King's College Group (4) and the U.S. Acute Liver Failure Study Group (5). On the other hand, this study indicated that prothrombin activity at the diagnosis of ALF with hepatic coma was reversely correlated with SIRS score. Furthermore, patients with a score of 3 or 4 showed higher serum levels of alanine aminotransferase than the others. Thus, SIRS score is speculated to reflect not only the whole body state but also the grade of liver failure. In nonacetaminophen-related ALF patients with hepatic coma in a state of SIRS, caution against the rapid progression of liver failure may be necessary.
In this study, the overall survival rate of nonacetaminophen-related ALF patients with hepatic coma was 36%. However, the 2-week and overall survival rates of 29 patients with SIRS score of 0 was 86% and 66%, respectively. Considering that the 5-year graft survival rate and patient's survival rate of ALF after receiving LT has been reported to be 61% and 70%, respectively (17), the intensive care including artificial liver support in expectation of hepatic regeneration during a few weeks from the diagnosis of ALF with hepatic coma may be permissible for those with SIRS score of 0.
In a setting of the shortage of liver grafts, artificial liver support technologies have been developed remarkably. Recently, plasma exchange combined with hemodiafiltration has been reported to be effective for recovery from hepatic coma and preventing brain edema and to be a reliable bridging procedure to LT (18) . Furthermore, a recent metaanalysis has suggested that artificial liver support improves the survival of ALF patients (19) . In Japan, as artificial liver support, plasma exchange and hemodiafiltration have been performed in 92% and 76%, respectively, of ALF patients with hepatic coma (20) . In this study, many patients received plasma exchange and/or hemodiafiltration; however these procedures did not reduce the development of complications. A prospective study with a larger number of patients is required to evaluate the role of artificial liver support in the treatment of ALF patients with hepatic coma.
In conclusion, this study suggests that the SIRS score may be useful for predicting not only the overall survival but also the development of these complications such as ARDS, DIC, ARF and MOF in patients with nonacetaminophen-related ALF with hepatic coma. Furthermore, SIRS score may reflect the grade of liver failure (hepatic coma grade, prothrombin activity, etc.). Patients with a SIRS score of 2 or higher (in a state of SIRS) will need urgent LT. Thus, we consider that SIRS score may be important for determining the treatment strategy including the timing for LT in non-acetaminophen-related ALF with hepatic coma. A further prospective validation study will be necessary.
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